Objectives-The normal parameters of 3-dimensional endoanal ultrasound (3DEAUS) of the anal sphincter have not been reported for primigravidae or pregnant women at present. 3DEAUS parameters in Asian primigravidae were assessed in this study.
I
t was the famous Greek anatomist, surgeon, and philosopher Galen (as documented by Holschneider and Wexner 1 who first documented the macroscopic anatomy of the anal sphincter complex (ASC). It took almost 1-and-a-half millennia for the first illustrations of the ASC to appear (Vesalius, c.1543 1 . Anatomist and surgeons have been undecided on the external anal sphincter (EAS) morphology for centuries. In 1934, Milligan and Morgan described the EAS as being composed of 3 parts: from cranial to caudal, deep, intermediate, and superficial parts. 2 With the development of magnetic resonance imaging, all controversies ended when Hussain et al In 1990, St. Mark's Hospital in London, United Kingdom, 4 became the first center to use endoscopic sonography in the assessment of the ASC. A good correlation was found with electromyography, but EAUS was better tolerated. Its contribution was so phenomenal that the technical review by the American Gastroenterological Association stated that "anal endosonography has radically altered the understanding of the pathogenesis of faecal incontinence as well as its investigation and management." 5 However, it is operator dependent, but when performed by experienced investigators, 2-dimensional (2D) EAUS has been found to have both a sensitivity and a specificity approaching 100% in identifying anatomic defects as well as subtle abnormalities in both the internal anal sphincter (IAS) and the EAS. 4, 6, 7 EAUS findings have a good correlation with electromyography, 6 intraoperative findings, 8 and pathologic/dissection studies. 7 It took almost a decade for 3-dimensional reconstructions of axial EAUS (3DEAUS) to be used in patient assessment.
9 3DEAUS also reduces operator dependency. 10 Despite the availability of these newer investigations for several years, only scanty data are available on pregnant women. Previous studies looking at the normal values of 3DEUS have either included only nulliparous women, 11 a combination of nulliparous and parous women, 12 or healthy women (parity unspecified), 13 and completely excluded pregnant women 14 or assessed them postpartum. 15 Normal 3DEUS parameters must be known to identify abnormalities in patients with possible sphincter injuries (eg, obstetric anal sphincter injuries).
This study aims to establish the 3DEAUS characteristics and normal values in primigravid women in Sri Lanka.
Methods

Population and Sample
Participants were recruited from antenatal clinics of the Obstetrics and Gynaecology unit of the Faculty of Medicine, University of Colombo, Sri Lanka. All primigravidae who presented to the clinic were invited to participate in the study. Their assessments were done between 30 and 32 weeks of gestation. In the first visit, we collected data on their gestation and basic demographic details. We used the Cleveland Clinic Incontinence Score 16 to assess anal continence. Exclusion criteria were previous anorectal trauma, symptoms or treatment for any anorectal diseases, or a previous diagnosis of a neuropathy or anal sphincter dysfunction.
No bowel preparation was used prior to the assessment.
The Ethics Review Committee of the Faculty of Medicine, University of Colombo, Sri Lanka, approved and monitored this research (EC-09-122).
Consent was obtained from all participants for publication of images.
EAUS Study Protocol
EAUS assessment was done using the Olympus GFUM 20 endoanal probe (Olympus America Inc., Center Valley, PA, USA). This has a 10-MHz ultrasound transducer that mechanically rotates inside a plastic cylinder, providing a 3608 view. Using a higher frequency (10 MHz versus 7 MHz) and housing the sensor within a plastic cylinder (versus a water-filled balloon) has been identified to provide a better image quality. 5 All patients underwent the assessment in the left lateral position and underwent the assessment without sedation. The probe was lubricated and inserted into the rectum. The anal canal and surrounding soft tissue were assessed for the morphology of the IAS, EAS, and PRM. EAUS describes the ASC as being divided into 3 levels: upper, middle, and lower. 17 Therefore, we measured the thicknesses of the IAS at midsphincter level at 3, 6, 9, and 12 o'clock positions. The thickness of the EAS was measured at the middle and lower sphincter levels at the same positions. At the upper sphincter level, the thickness of the PRM at the 3, 6, and 9 o'clock positions was also measured. For the measurements, the 2D image best representative of the selected sphincter segment (eg, midsphincter) was first chosen, minimizing artefacts. The measurement tool on the ultrasound processor was then used to measure the thickness (distance) at each position. Subsequently, 3-dimensional (3D) images were obtained by advancing the probe into the rectum and withdrawing completely. The acquired data were stored on the EU-ME1 receiver.
All EAUS procedures were carried out by the first author and reviewed by the senior author.
On EAUS, the IAS appears as a hypoechoic circular tube that is a downward extension of the inner circular muscular layer of the rectum above. Inferiorly, this terminates in the lower part of the anal canal. Sonographically, 3 parts can be identified in the EAS: deep (PRM), superficial, and subcutaneous. At the cranial end of the anal canal, the PRM forms a sling that continues anterolaterally with the V-shaped pubococcygeus muscle (Figure 1) . In the midsphincter level, it is a hyperechoic ring that surrounds IAS just outer to conjoined longitudinal ligament ( Figure 2) ; the superficial EAS. At the caudal end of the anal canal, it is a hyperechoic ring below the termination of IAS; the subcutaneous EAS (Figure 3) . The PRM was seen as a striated "V"-shaped band in all patients.
The 2D images allowed the sphincter thicknesses at the above sites to be measured ( Figure 3 ). The 3D reconstruction was used to identify the height of the IAS and EAS axially (Figure 4 ).
Statistical Analysis
Statistical software (SPSS version 20; IBM Corp., Armonk, NY, USA) was used for recording and analyzing the data.
All continuous data were described with the mean and standard deviation. The Pearson correlation coefficient (q) was used to identify correlations. The thicknesses at different locations were compared with the Wilcoxon signed-rank test. 
Results
Participants
3DEAUS Values and Correlations
The mean thickness values for each level and position are shown in Table 1 .
When the mean thickness of the IAS was measured at the midsphincter level, it was thickest in the 3 o'clock position. However, the EAS at the same level was thickest at the 9 o'clock position. The EAS was thickest at the 6 o'clock position at the lower sphincter level.
The thickness of the IAS or EAS showed no correlation with age.
The thickness of the IAS (measured at the midsphincter level) at the 6 and 12 o'clock positions showed a statistically significant difference; the IAS was thicker anteriorly (Wilcoxon signed-rank test, Z 5 22.642; P 5 .008). The EAS was thicker posteriorly, at both the midsphincter level (Wilcoxon signed-rank test, Z 5 23.70; P < .001) and lower sphincter level (Wilcoxon signed-rank test, Z 5 27.712, P < .001).
The IAS had a statistically significant difference in thicknesses only between the 3 and 9 o'clock positions (Wilcoxon signed-rank test, Z 5 22.081; P 5 .037), with the IAS being thicker at the 9 o'clock position. A good symmetry was seen in the EAS (including the PRM) at all 3 levels.
There was a statistically significant correlation with age and thickness of the IAS at midsphincter level at 3 o'clock (Spearman q, .37; P < .0005), 6 o'clock (Spearman q, .32; P 5 .001) and 9 o'clock (Spearman q, .21; P 5 .034). There was a statistically significant positive correlation with the weight and thickness of the EAS at the lower sphincter level at the 6 o'clock position (Spearman q, .21; P 5 .039), 9 o'clock position (Spearman q, .29; P 5 0.003), and 12 o'clock position (Spearman q, .26; P 5 .009). We also saw a statistically significant correlation between maternal body mass index and thickness of the EAS at the lower sphincter level at 6 o'clock (Spearman q, .23; P 5 .023), 9 o'clock position (Spearman q, .29; P 5 .004), and 12 o'clock position (Spearman q, .21; P 5 .04). We could not obtain any length measurements in 3DEAUS because the assessment involved manual withdrawal of the probe. However, we observed that both the IAS and EAS were shortest at 12 o'clock position and longest laterally (Figure 4 ).
Discussion
We established reference values of the anal sphincter morphology on sonography in the third trimester of nulliparous women from Sri Lanka. In summary, our results indicate that (1) the mean thicknesses of both the IAS and EAS are less than other Asian women at all levels (Table 1) ; (2) the IAS at the midsphincter level and the EAS at the lower sphincter level were thicker posteriorly, and the EAS at the midsphincter level was thicker anteriorly; (3) the IAS is thicker anteriorly and the EAS is thicker posteriorly; and (4) there was good symmetry of the EAS at the 3 and 9 o'clock positions.
Assessment of the structure of the ASC is essential in the evaluation of patients with anorectal symptoms. The American Gastroenterological Association concluded that "anal ultrasonography is presently the simplest, most reliable, least invasive test for the definition of anatomic defects in the external and internal anal sphincters." 5 The reproducibility of EAUS findings has also been well established. 18 The most common cause of anal sphincter injuries in females is obstetric sphincter injuries. However, the normal values for the sphincters must first be known to identify abnormalities. We believe our findings can be used for this purpose. EAUS is currently considered the gold standard in identifying anal sphincter pathology in the evaluation of incontinence, 19 but there are no data available on common indexing services on 3DEAUS findings on pregnant women. One previous article used transperineal 3D sonography to evaluate the ASC. 20 The disadvantages of using transperineal sonography are the inability to identify anal mucosa and submucosa separately, the poor characterization of the lateral border of the EAS, 21 and lower sensitivity in detecting sphincter injuries. 22 The anal sphincters on EAUS are not uniform in thickness. 9 However, for an abnormality or a defect to be identified, it must either be compared with a premorbid endosonographic image of the same patient or against a normal set of values. It is the latter that is commonly done. Childbirth has been consistently identified as a risk factor for ASC injuries, 23 with a higher risk in primigravidae. 24 Up to 67% to 92% 25 of mothers may have occult injuries detected on EAUS. Since all the participants of this study were primigravidae in Sri Lanka, there may be concerns when directly extrapolating these values to whites, men, or nongravid women. However, previous publications on 3DEAUS have included only nonpregnant women, 26 nulliparous women, 11, 20 or postpartum women. 12 Therefore, we feel that our data fill a niche in the evaluation of obstetric anal sphincter injuries and would be valuable for clinical and research centers worldwide.
The EAS was consistently found to be thicker posteriorly, and this may be because only the internal part of the EAS encloses the entire circumference of the anal canal. The majority of EAS fibers merge with the transverse perineal muscles. 20, 27 In keeping with the existing knowledge, 12, 13 we also observed that the length of the sphincter was also more lateral than elsewhere, possibly because of the fixation of the lateral part of the cranial end of the anal sphincters to the pelvic floor.
The differences in thickness of the IAS between the 3 and 9 o'clock positions are important distinctions. Given the mechanism of sphincter injury, the IAS defects and changes related to pregnancy are seen almost exclusively anteriorly. Therefore, the knowledge on a possible discrepancy in IAS thickness would prevent false-negative detection of IAS defects.
All the measured values in our participants resemble those of whites more than those of Asians. A similar pattern was identified in anorectal manometry by the present authors. 28 We believe this may be secondary to the fact that South Asians are believed to be Caucasoid, whereas Southeast Asians are Mongoloid. 29 Because the study included only primigravidae, direct extrapolation of these findings to other patient populations is not possible. However, we believe that the characteristics we've identified in the undamaged ASC will aid in diagnosing patients with sphincter injuries. These findings will be especially useful for researchers and clinicians in Asia, where such data are lacking. Another limitation of our study is that we used a manual withdrawal method to obtain 3D images. While this provides an accurate reconstruction of the 3D anatomy, it did not allow us to make any measurements axially. 3D transperineal ultrasound might overcome some of these limitations. 30 However, previous authors have identified several limitations, including poor visualisation of the lateral border of the EAS, inability to visualize the anal mucosa and submucosa separately, 21 and less sensitivity in detecting sphincter injuries. 22 
Conclusions
The study provides a set of values for 3DEAUS in Asian primigravidae, which would be useful reference values for future research and patient evaluation. The reported values correlate better with those published in the West than Asian values.
